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MULTIFUNCTIONAL ION POUCH BATTERY
CELL FRAME

TECHNICAL FIELD

This disclosure relates to 1on pouch battery cells, corre-
sponding cell frames, and methods of producing the same.

BACKGROUND

Lithium 10n pouch cells have been utilized 1n a variety of
industries including automotive applications. The pouch cell
designs are attractive due to their reduced weight and cost as
well as optimized packaging efliciency at the battery level,
higher specific density, and higher voltage output per cell
than many other systems. Thus, lithtum 10n pouch cells have
become the primary choice for many applications that
require high specific and volumetric energy density such as
automotive cells for electric vehicles and smart phones.

SUMMARY

In at least one embodiment, a lithium 1on pouch battery
cell 1s disclosed. The battery cell includes a rigid frame
forming a skeleton of the cell and defining an aperture. The
battery cell further includes an anode, a separator, and a
cathode disposed within the aperture, the anode and cathode
cach including a current collector with an exposed tab
portion. The battery cell also 1ncludes a pair of terminals,
integrated 1nto the frame, each having an exterior portion
and an interior portion bonded to one of the current collec-
tors. The cell may further include a flexible flat polymeric
sheet arranged as the cell cover. The cover may envelope at
least a portion of the frame. The pair of terminals may be
molded within the frame. The frame may include a fluid
channel running within at least one side of the frame. The
exterior portion of each terminal may protrude outside of the
frame. The frame may include a dual-purpose sealable
aperture to release gas from the cell and to enable filling of
the cell with an electrolyte. The battery cell may further
include an interlocking feature, an alignment feature, an
electronic communication device, or a combination thereof.
The electronic communication device may include a tem-
perature sensor, a strain sensor, a threshold value detector, a
voltage or current detector, a sensor providing a signal to a
conditioning device, or a combination thereof.

In another embodiment, a lithtum 10n pouch battery cell
1s disclosed. The battery cell includes a ngid frame including
a fluid channel arranged along a periphery of the frame, the
frame forming a skeleton of the cell and defining an aper-
ture. The battery cell further includes an anode, a separator,
and a cathode arranged within the aperture, the anode and
cathode each including a current collector. The battery cell
also includes a pair of terminals, integrated mto the frame,
cach having an exterior portion and an interior portion
bonded to one of the current collectors. The fluid channel
may be enclosed within the frame. The fluid channel may be
bifurcated. The fluid channel may include two branches.
Each branch may be routed on a different side of the
terminals. The fluid channel may run along one side of the
terminals. The fluid channel may run through three sides of
the frame. The battery cell may further include a dual-
purpose sealable aperture, an interlocking feature, an align-
ment feature, an electronic communication device, or a
combination thereof.

In a yet alternative embodiment, a stack of lithium 1on
battery cells 1s disclosed. The stack may include a first and
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second cell, each comprising a rigid frame forming a skel-
cton of each cell and defimng an aperture containing an
anode, a separator, and a cathode arranged within the
aperture, the frame including a pair of integrated terminals
connected to cell current collectors of the anode and cath-
ode. The stack may also include the first and second cell
cach containing female and male interconnecting features
capable of coupling the first cell to the second cell. The stack
may also further include electronic communication devices
on the first and second cells capable of sensing and com-
municating with each other, an external device, or both. The
stack may include an alignment feature on the first and
second cell, the alignment feature enabling stacking of the
cells within an external structure.

In a yet alternative embodiment, a lithtum 1on pouch
battery cell 1s disclosed. The cell may include a ngid frame
forming a skeleton of the cell and defining an aperture. The
cell may also include an anode, a separator, and a cathode
disposed within the aperture. The cell may include a pair of
terminals 1ntegrated 1nto the frame. The frame may include
an 1nward electrically non-conductive portion surrounding
the aperture and an outward thermally conductive portion
surrounding the inward portion such that the terminals are
free from contact with the outward portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A depicts an exploded view of individual layers
within a prior art pouch cell battery depicted 1n FIG. 1B;

FIG. 1B depicts a perspective view ol an example pouch
cell battery;

FIG. 2A depicts a perspective view of an example battery
cell according to one or more embodiments;

FIG. 2B shows a cross-sectional view of the battery cell
depicted 1n FIG. 2A along the line 2B-2B;

FIG. 3A depicts a top view of an example frame of the
battery cell according to one or more embodiments;

FIGS. 3B and 3C are cross-sectional views of the frame
depicted i FIG. 3A along the lines 3B-3B and 3C-3C,
respectively;

FIG. 3D illustrates a side view of the frame depicted 1n
FIG. 3A;

FIG. 3E shows a cross-sectional view of the frame
depicted 1n FIG. 3D along the line 3E-3E;

FIG. 3F shows a top view of an alternative example of the
frame;

FIG. 4A shows a top view of an alternative example of the
frame with channel portions;

FIGS. 4B-4E show cross-sectional views of di
examples of routing of a channel portion of the
depicted 1n FIG. 4A along the line 4B-4E;

FIG. 5 shows a perspective view of a battery cell stack;
and

FIG. 6 illustrates a top view of an alternative embodiment
of a frame with example electronic devices incorporated
within the frame.

Terent
frame

DETAILED DESCRIPTION

Embodiments of the present disclosure are described
herein. It 1s to be understood, however, that the disclosed
embodiments are merely examples and other embodiments
may take various and alternative forms. The figures are not
necessarily to scale; some features could be exaggerated or
minimized to show details of particular components. There-
fore, specific structural and functional details disclosed
herein are not to be mterpreted as limiting, but merely as a
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representative basis for teaching one skilled in the art to
variously employ the present invention. As those of ordinary
skill in the art will understand, various features illustrated
and described with reference to any one of the figures may
be combined with features 1llustrated 1n one or more other
figures to produce embodiments that are not explicitly
illustrated or described. The combinations of features 1llus-
trated provide representative embodiments for typical appli-
cations. Various combinations and modifications of the
features consistent with the teachings of this disclosure,
however, could be desired for particular applications or
implementations.

Except where expressly indicated, all numerical quantities
in this description indicating dimensions or material prop-
erties are to be understood as modified by the word “about”
in describing the broadest scope of the present disclosure.

The first definition of an acronym or other abbreviation
applies to all subsequent uses herein of the same abbrevia-
tion and applies mutatis mutandis to normal grammatical
variations of the mmitially defined abbreviation. Unless
expressly stated to the contrary, measurement of a property
1s determined by the same technique as previously or later
referenced for the same property.

The description of a group or class of materials as suitable
for a given purpose 1n connection with one or more embodi-
ments of the present mnvention implies that mixtures of any
two or more of the members of the group or class are
suitable. Description of constituents 1n chemical terms refers
to the constituents at the time of addition to any combination
specified in the description, and does not necessarily pre-
clude chemical interactions among constituents of the mix-
ture once mixed. The first definition of an acronym or other
abbreviation applies to all subsequent uses herein of the
same abbreviation and applies mutatis mutandis to normal
grammatical variations of the imitially defined abbreviation.
Unless expressly stated to the contrary, measurement of a
property 1s determined by the same technique as previously
or later referenced for the same property.

With mass-production of batteries, a variety of battery
formats have been developed. Example battery formats
include cylindrical cells, button cells, prismatic cells, and
pouch cells. The pouch cell design represents an eflicient use
of space and achieves about 90-95% packaging efliciency.
Instead of using a metallic cylinder and glass-to-metal
clectrical feed-through, conductive foil tabs are typically
welded to the electrodes and are fully sealed while extending
outside of the pouch. By eliminating a metal enclosure, the
weight of the pouch cell 1s reduced.

While a pouch cell 1s a lightweight solution to the battery
design, the pouch format presents a number ol consider-
ations such as requirement for support and space to expand.
Additional concerns are exposure to humidity and high
temperatures which may shorten life of the cell. Swelling
represents yet another concern, for example swelling by up
to 8-10% over 500 cycles may be typical with some types of
pouch cells. Yet, pouch cells have become popular, espe-
cially in the same performance criteria as cylindrical cells.
Pouch cells have been successiully utilized 1in consumer,
military, as well as automotive applications. Relatively large
flat pouch cell packs have been applied in electric pow-
ertrains and Energy Storage Systems. Relatively small
pouch cells have been used for portable applications with
high load current requirements.

Lithium 10n pouch cells thus represent a pouch made from
a solvent- and gas-impermeable membrane 1n a clamshell
construction. In 1ts simplest version, two pieces of mem-
brane are typically heat-sealed together on three sides to
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form a pocket for the cell contents, filled with electrolyte and
sealed on the fourth edge to enclose the cell and electrolyte.
In the mitial sealing operation, electrical contacts to the cell
are typically provided by using thin metallic terminals
welded to the current collectors of the cell electrodes that
protrude through the membrane sealing region, and the
pouch matenal i1s heat-sealed around the terminals.

An example prior art lithtum-1on pouch cell 10 1s depicted
in FIGS. 1A and 1B. As can be seen 1n FIGS. 1A and 1B, a
pouch cell 10 has a laminated architecture in a pouch 12. The
pouch 12 includes a cathode 14 with a battery tab or terminal
16, an anode 18 with a battery tab or terminal 20, and a
separator 22 sandwiched between the cathode 14 and the
anode 18. After the laminated layers 14, 18, 22 are
assembled together and mserted into the pouch 12, the pouch
12 1s filled with electrolyte and subsequently sealed 1n such
as a way that the tabs 16 and 20 are outside of the pouch 12.

To improve the robustness of the seals around the elec-
trical terminals, a thin coating of hot-melt polymer 1s typi-
cally applied to the terminals 1n a separate, preliminary
operation. During seam sealing, the pouch material 1s melted
into the added Sealing material. Although packaging 1n
pouches 1s an 1nexpensive and easy method from a manu-
facturing perspective, this method for cell packaging suflers
from several drawbacks.

Firstly, despite the use of a hot-melt coating on the
terminals, 1t 1s diflicult to achieve suflicient sealing around
the terminals without suflering occasional leaks. This 1s
primarily due to the need to melt the opposing pouch
membranes and the terminal sealing material completely
around the edges of the terminals to achieve a continuous
seal. Sealing across any discontinuities introduces the pos-
sibility of incomplete “knitting” of the polymer from the two
opposing membranes. While pre-coated tabs have been
developed to address this problem, the method adds manu-
facturing operations and complexity as the pre-coated area
of the terminals must be carefully positioned during the
welding operation to ensure that the sealing surface 1s
correctly aligned 1n the sealing region.

A second disadvantage of current pouch cell manufactur-
ing processes 1s that the pouch must be “pre-formed” to
produce a pocket to accommodate the thickness of the cell.
This 1s needed to avoid significant distortion and wrinkling
ol a membrane when the cell 1s vacuum-sealed between the
two membranes, which can lead to leaks. Pre-forming 1s
accomplished by cold- or vacuum-forming a sheet of the
pouch material over a form that mimics the shape of the cell
contents. This process stretches the membrane and can lead
to thin spots or breaks in the layers of the pouch material that
are incorporated to limit gas permeation. As a result, sig-
nificant cost 1s added to the pouch material to ensure lack of
breaks in the permeation-limiting-layers during preforming.
Yet, most of the pouch remains flat and 1s not deformed.
Since there 1s no easy or imexpensive way to position a
region of the gas permeation barrier, which 1s thicker to
accommodate distortion during the preforming operation,
the permeation-limiting-layers must be over-designed with
respect to the needed performance for most of the area of the
pouch.

An additional disadvantage lies 1n the fact that the sealed
edges ol a pouch cell offer little protection against mechani-
cal damage to the vulnerable edges of the cell. Because the
pouch material 1s necessarily thin, it has little mechanical
strength and cannot offer significant resistance to edge-on
impacts to the cell. In present methods of the lithium 1on
pouch assembly, the pouch cells are loaded into alignment
slots, using their seams to align the cells. But the cell
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alignment guides must allow for easy insertion into the
modules during assembly, and thus may not fully constrain
the cells, leaving the cells vulnerable to abrasion and dam-
age from vibration during vehicle use.

Additionally, the pouch cells may not generally include a
dedicated gas vent which could release gasses formed by
reactions between the electrolyte solvent and the active
materials. Pouch cells are usually constrained between pres-
sure plates to ensure that an increase of internal pressure
caused by gas generation puts the greatest stress on the
scams and creates slower gas release 1 a fault condition.
Yet, experience from cell testing suggests that the gas release
does not occur 1n a predictable manner at consistent pres-
sures or locations.

Additionally still, flexible pouch matenials generally have
poor thermal conduction. In one common approach to ther-
mal management, pouch cells are provided with metallic
cooling plates between alternate pouch cells. But thermal
conduction between the cell contents and the cooling plates
1s through an interface between the cell mterior and the
pouch material, through the pouch matenal 1tself, and then
through a pouch material-cooling plate interface. It 1s typi-
cally found that thermal interfaces add significant thermal
resistance to the conduction process, especially for dissimi-
lar matenals.

Lastly, pouch cells do not typically provide a suitable
support structure to allow for robust incorporation of addi-
tional features such as sensors, feedthroughs, and/or elec-
tronic devices. The versatility to provide additional func-
tionality to the cell as a unit 1s thus limited. Likewise, the
pouch cell capability to interface with other devices 1s
limaited.

To overcome the problems mentioned above, a lithium 10on
pouch cell battery 100 1s disclosed. In one or more embodi-
ments, depicted, for example, in FIG. 2A, the pouch cell
battery 100 includes a frame (not depicted) forming a
skeleton of the cell 100. An example frame 1s depicted 1n
FIGS. 3A-3E. The frame 126 defines an aperture 128. The
aperture 128 1s designed to accommodate the anode 118, the
cathode 144, and the separator 112 located between the
anode 118 and the cathode 114, as depicted 1n FIG. 2B. As
FIG. 2A further illustrates, the pouch cell 100 1ncludes a
sheet arranged as the cell cover 140, enclosing the frame
within the cell 100.

The frame 126, as illustrated in FIGS. 3A-3E, may be a
rigid frame 126. The frame 126 may extend around the entire
periphery of a pouch cell 100. The frame 126 may also
extend only alongside a portion or a plurality of portions of
the periphery of the pouch cell 100. The frame 126 may form
a boundary between the 1nside and outside of a battery cell
100. The frame 126 may capture, hold, enclose and/or seal
the anode, cathode, and separator within the aperture 128.
The frame 126 thus provides protection from mechanical
stresses to the anode, cathode, and separator which the cell
100 may be exposed to.

The frame 126 may be hollow or solid. The frame 126
may have a uniform or varying dimensions such as thick-
ness. The frame 126 may be formed from any suitable
clectrically non-conducting material. The material should be
substantially unreactive with the battery cell’s electrolyte.
The frame 126 may be made from one or more polymeric
materials, ceramic, glass, or a combination thereof. The
material may be a composite material. The material may be
reinforced with fibers, glass, or other material. The poly-
meric material may be a non-polar polymer. The polymeric
material may be thermoset or thermoplastic. The polymeric
material may be a polyolefin such as polypropylene (PP),
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low-density or high-density polyethylene (LDPE, HDPE),
polyimide (PI), the like, or a combination thereof.

The polymeric material may contain additives altering
properties of the material. For example, the polymeric
material may include one or more fillers, plasticizers, colo-
rants 1improving thermal conductivity of the frame 126 and
thus heat dissipation, maintaining relatively low electrical
conductivity, increasing resistance to UV light, increasing
mechanical strength, resistance to deformation at tempera-
ture extremes, the like, or a combination thereof.

The entire frame 126 may be formed from one type of
material. Alternatively, as 1s illustrated 1n FIG. 3F, at least a
portion of the frame 126' may be made from a different
material than the rest of the frame 126'. For example, the
frame 126' may include an 1nward electrically non-conduc-
tive portion 127 surrounding the aperture 128, and an
outward thermally-conductive portion 129 surrounding the
inward portion 127. In such an embodiment, the terminals
134 are free from contact with the outward portion 129. The
conductive portion 129 may be in contact with an external
heat exchanger 131. Such embodiment provides enhanced
thermal transter due to presence of the conductive material.
Yet, at the same time, the terminals 134 are insulated from
the conductive portion 129 of the frame 126'. The electri-
cally non-conductive portion 127 may be made from one or
more materials identified above such as various plastics. The
conductive portion 129 may be made from one or more
metals such as aluminum, copper, magnesium, nickel, zinc,
the like, or a non-metal material having a desirable thermal
conductivity, or a combination thereof.

The frame 126 may be covered by the cell cover 140, an
example of which 1s depicted 1n FIG. 2A. The cell cover 140
may thus hold the cathode, the anode, the separator, the
clectrolyte, and the frame 126. The cell cover 140 may be
arranged around the frame 126 in a tight or loose manner.
The entire frame 126 or a portion of the frame 126 may be
covered with the cell cover 140. The cell cover 140 thus
envelops at least a portion of the frame 126.

The cell cover 140 may be flexible. The cell cover 140
may be semi-rigid. The cell cover 140 may be rigid. The cell
cover 140 may be more flexible than the frame 126. While
the periphery of the cell 100 1s rigid due to the inclusion of
the frame 126 within the cell cover 140, the faces of the cell,
or the top portion 142 and the bottom portion 143, may
remain flexible due to absence of a rigid structure within the
aperture 128. The cell cover 140 may be flat such that the
cell cover 140 lays flat against the frame structure 126.
Alternatively, the cell cover 140 may include at least one
raised portion. The cell cover 140 may be adhered to the
frame 126 to complete the enclosure for the cell 100.

The cell cover 140 may be made from a polymeric
material. The cell cover 140 may be a tlexible sheet. The cell
cover 140 may be made from a thermoplastic film. The cell
cover 140 may be made from polyethylene (PE), polyester,
imide, ketone, fluoropolymer, sulifone-based polymer, a
resin, or a combination thereof. The cell cover 140 may be
made from a bioplastic, and/or a biodegradable matenal.
The cell cover 140 may be a monolayer or alternatively
include a plurality of layers. The sheet may be laminated and
include a metal foil as an intermediate layer sandwiched
between polymeric materials. The cell cover 140 may be a
co-extruded film. The thickness of the cell cover 140 may be
from about 80 to 200 um, 100 to 180 um, 120 to 150 um.

A variety of features may be incorporated into the frame
126 structure. For example, as can be seen 1in FIGS. 3A-3F,
a pair of terminals 134 may be integrated into the frame 126.
Each terminal 134 may have an exterior portion 136 and an
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interior portion 138. The interior portion 138 may be bonded
to a current collector 130, depicted 1n FIG. 2B, of an anode
118 or cathode 114 and/or to an exposed tab portion 132 of
the current collector 130. The exterior portion 136 may
protrude outside of the frame 126. Alternatively, the exterior
portion 136 may be flush with the periphery of the frame
126.

The pair of terminals 134 may be molded into the frame
126 structure. Alternatively, the frame 126 may be formed
without the terminals 134 which may be inserted within the
frame 126 later. Yet, 1t 1s advantageous to form the pair of
terminals 134 as an integral portion the frame 126 such that
there 1s a hermetic seal between the terminals 134 and the
frame structure 126. The terminals 134 are electrical current
carrying tabs. The terminals 134 provide electrical commu-
nication between the cell iterior and the cell exterior.

The terminals 134 integrated into the frame 126 and the
current collectors 130 of the electrodes are made from metal.
Both terminals 134 may be made from the same or different
metal. The terminal 134 may be made from the same metal
as the current collector 130 the terminal 1s attached to. For
example, the metal may be copper, aluminum, etc.

Among other features which may be incorporated into the
frame are one or more channels. In an embodiment depicted
in FIGS. 4A-4E, the frame 226 of the cell 200 may be
produced in such a way that one or more internal passages
244 run through the frame 226. The passages or channels
244 may be included on one or more sides of the frame 226.
All sides of the frame may include the channels 244. The
channels 244 may be arranged along a periphery of the
frame 226. The channels 244 may have umiform or varying
dimensions. The channels 244 may be bifurcated, as 1is
depicted 1n FIGS. 4B and 4C. The bifurcated channel 244
has two branches 245, each branch 245 running alongside
different side of the terminals 234. The branches 245 may be
routed 1n a variety of ways. For example, 1n an embodiment
depicted in FIG. 4C, one branch 245' may run on the left side
of the terminals 234" and connect with a second branch 245
running on the right side of the terminals 234" 1n at least two
points of contact 246. Alternatively still, 1n an embodiment
shown 1n FIG. 4D, a channel 244" may be routed along one
side of the first terminal 234" and then along the opposite,
second side of the second terminal 234". Yet, 1n at least one
additional embodiment, depicted in FIG. 4E, the entire
length of the channel 244" may run alongside the same side
of the terminals 234",

The channel 244 may be enclosed within the frame 226.
The channel 244 may have one or more portions 244. At
least one of the channel portions 244 may be 1n contact with
the exterior of the cell through an 1nlet 220 or outlet 221. For
example, in FIG. 4A, one of the three depicted channel
portions 244 1s in contact with a fluid entering the channels
244, the fluid oniginating outside of the cell 200. The arrows
indicate the direction of the fluid moving within the channel
portions 244. The tluid may be any fluid causing a desirable
change 1n temperature within the cell 200 or a stack of cells.
The fluid may be a coolant such as air, oxygen, water, or
another liguid coolant. Alternatively, the fluid may provide
heat to the cell 100. Alternatively still, the channel portions
244 may serve for both heating and cooling.

The one or more channels may provide fluid flow con-
tained within the frame structure of one cell. Alternatively,
as 1s depicted i FIG. 5, the one or more channels may
provide fluid flow between adjacent frames, external cooling,
devices, the like, or a combination thereof. In FIG. 5, three
adjacent cells 300 are aligned and interlocked next to each
other to form a single unit or a battery pack 350. Each frame
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326 includes one or more channel portions 344 integrated
within a single frame 326. In addition, common fluid chan-
nels 352 run through the adjacent cells 300. The common
channels 352 may be multiple. Alternatively, a single com-
mon channel may be present 1n the batter pack 350. At least
one of the common channel 352 may be 1n contact with at
least one of the channel portions 344 of at least one of the
cells 300.

An additional feature incorporated within the frame may
be one or more opemngs 270, an example of which 1s
depicted 1n FIGS. 4B-4F and also 1 FIG. 5. The opening
270 may serve as a vent for release of gas pressure accu-
mulated within the cell. The vent may be configured for
one-time action in the event of a dangerous build-up of gas
pressure 1n the cell. Alternatively, an opening 270 may serve
as a fill port for supplying electrolyte into the cell. The
opening 270 may be sealable. The seal may be permanent or
temporary. The opening 270 may serve more than one
function or purpose. For example, the opening may serve as
the vent and a fill port. In such an embodiment, the opening
270 may allow for electrolyte filling of the cell after which
the same opening 270 may be provided with a gas release
port. The gas release port may include a gas release mecha-
nism such as a burst disk. The opeming 270 may include one
or more membranes arranged as the seal. The membrane
may be a metallic or polymeric film.

In one or more embodiments, a plurality of cells may be
connected to form a battery cell pack. The cell pack may
include one to several hundred cells. Example battery cell
pack 350 1s depicted 1n FIG. 5. In FIG. 5, the frame 326 may
include features 354 that allow adjacent cells 300 within the
battery pack 350 to interconnect and thus form a single unat.
The features 354 may be interlocking and/or alignment
teatures. The alignment features ensure proper alignment of
the individual cells 300 and their features such as the
common channel 352 or channel portions 344, and/or ensure
proper alignment of the cells 300 within a structure external
to the cells 300. The alignment features may provide for
interlocking of the cells 300 1n the battery pack 350.
Alternatively, 1n cases where the alignment features allow
for more precise integration of the cells 300 into an external
structure, the features 354 may also enable interfacing of the
features, either between the cells 300 or with external
structures. The same feature 354 may ensure alignment as
well as provide interlocking. The features 354 may include
male and female counterparts capable of coupling one frame
326 to another frame 326. The features 354 may include
screws, bolts, locking clips, tabs, notches, grooves, protru-
s10ms, or projections. At least a first feature 354 may form a
portion of one side of the first frame while a counterpart
second feature 334 fitting 1 or connecting with the first
teature 354 may be located on one side of the second frame
facing the one side of the first frame.

The external structures mentioned above may be elec-
tronic communication and/or sensing devices, a temperature
sensor, a strain sensor, a threshold value detector, a voltage
detector, a current detector, a sensor providing a signal to a
conditioning device, a logical computing device, communi-
cation devices or passages to house any of the sensors,
teedthroughs or electronic devices, the like, or a combina-
tion thereof.

In one or more embodiments, one or more electronic
devices may be incorporated into the frame structure. The
clectronic devices may enable sensing and/or communica-
tion with external devices such as Battery Electric Control
Module (BECM) to report on the state of health of the cell.
An example frame 426 with built-in electronic communica-
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tion devices 1s depicted in FIG. 6. The frame 426 features a
vent sensor 458, an embedded sensor 460, a temperature
sensor 462, an external device interface 464, an internal
sensor feedthrough 466, and a signal conditioning and
communication circuit 468. Other devices such as a voltage
sensor or a detector such as voltage, current, temperature,
strain, damage threshold detector may be included. The
teedthrough devices may provide a connection to sensor
internal to the cell.

Sensors that require signal conditioning may provide
signals to a conditioning device, such as an amplifier, a
microcontroller, or a Field-Programmable Gate Array
(FPGA). In some embodiments, signals from each cell may
be transmitted to an external monitor system through wired
connections, through fiber-optic connection, through trans-
mission of radio wave signals (e.g., WiF1 or Bluetooth), or
any suitable means. In other embodiments, the status of the
cell may be displayed at the cell itself through the use of a
visual mdicator such as an LED light.

Additionally, a method of producing the battery cell, as
described above, 1s disclosed. The frame of the battery cell
may be molded, for example, using injection molding or
tformed by a similar method. A mold for the frame 1s created
and filled with the material swtable for production of the
frame, as was described above. The terminals may be
incorporated 1nto the frame structure as integral parts of the
frame by placing the terminals into the mold such that the
exterior portion extends beyond the periphery of the mold
and at least a portion of the terminals protrudes into the
mold. The mold 1s then filled with the molten maternial. The
terminals are thus over-molded which eliminates sealing
issues around the terminals. The seal between the frame
material and the terminals 1s a hermetic seal.

In one or more embodiments, a portion of each terminal,
which 1s intended to remain a bare metal exterior to the cell,
the exterior portion, may be isolated from the molten frame
material. A second portion of the terminal may be isolated
from the molten frame material to form a bare metal portion
that 1s located inside the cell frame and which serves as a
connection for the electrode current collectors. Thus, at both
ends, portions of the terminals are separated from the mold
to provide an area that 1s unmodified for electrical connec-
tions to the cell electrodes and/or the exterior electrical
connections. Molding the terminals within the frame struc-
ture allows the terminals to be reliably fixed 1n the nigid
frame structure that provides greater mechanical integrity,
casier sealing, and enhanced protection against mechanical
damage to the cell.

After cooling, the frame with integral terminals and/or
other features may be removed from the mold.

The method may include forming the frame 1n such a way
that the nature of the structure includes one or more passages
which may serve as the channels described above. For
example, the frame may be formed as a honeycomb structure
with passages transverse to the faces, the top and bottom
portions of the pouch or cell. The honeycomb structure may
be configured so that a fluid may flow through the passages
within a cell or within a stack of cells. In such an embodi-
ment, aligned frames may form a continuous fluid path
through a plurality of frames.

The frame may be formed from a plurality of sub-
components which may be produced as separate pieces and
interconnected to form the frame. For example, an upper
half of the frame may be formed, the upper half contaiming,
the terminals, and later connected to a separately formed
lower half which does not contain the terminals. Alterna-
tively, two separately formed portions may each include one
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terminal. Alternatively still, two halves of the frame, one
forming the top of the frame and the second forming the
bottom of the frame, may be formed separately. Once
formed, the metal terminals may be 1nserted within terminal
slots between the top and bottom halves of the frame and
secured. The sub-components may interlock in such a way
as to provide a hermetic seal between the adjacent sub-
components of the frame, for example, through physical
pressure. Alternatively, the sub-components may be con-
nected by an adhesive, screws, bolts, the like, or a combi-
nation thereof.

Other features such as one or more openings, ports, vents,
channels, electronic devices may be provided in the frame.
For example, the mold may be created such that the features
are formed when the matenal fills the mold, the features may
be molded-in-place during manufacturing of the frame.
Alternatively, the features may be formed and/or attached by
welding, adhesion, or the like to the frame after the frame 1s
molded and cooled.

The method may further include connecting the current
collectors of the cathode and the anode to the terminals. The
connection may be made by any suitable method that creates
a low electrical resistance connection, such as by welding,
through the use of conductive adhesives, by soldering, or by
mechanical means. The current collectors may be attached to
the interior portion of the terminals. Following the assembly
of the stack of electrodes and separators, the stack may be
inserted into the frame and the current collector tabs
attached to the terminals. Subsequently, the faces of the
frame, the top portion and the bottom portion, may be
formed using a cell cover, as described above. The cell cover
may be attached using any suitable sealing method such as
heat sealing, welding (e.g. thermal or ultrasonic), through
contact with a pressure sensitive adhesive applied to the
frame or cover, through application of a curing adhesive
such as epoxy or reactive vulcanization sealants, or any
chemical or physical method of joining the materials that
provides a hermetic seal or any combination thereof. The
cell cover includes the frame with the anode, cathode, and
separator such that at least a portion of the frame forms an
internal portion of the cell. In at least one embodiment, the
entire frame structure 1s located within the cell cover.

Once the cell includes the cell cover(s), an opening may
be formed to serve as an electrolyte fill port 11 not already
provided during fabrication of the frame. The cell 1s filled
with a liquid electrolyte via the fill port. The port may be
hermetically sealed. Alternatively, as was discussed above,
the port may serve a diflerent or an additional function such
as a dedicated vent for release of access gas pressure from
within the cell.

The method may also include assembling a stack of cells
formed according to the method described above. A plurality
of cells 1s arranged adjacent to each other, aligned, inter-
locked, or a combination thereol. In at least one embodi-
ment, the frames may be assembled, aligned, interlocked, or
a combination thereof after each frame receives the anode,
separator, and cathode but prior to the frame receiving the
cell cover. In such an embodiment, the aligned and/or
interconnected frames are provided with a stack cover. The
stack cover may be an equivalent to the cell cover described
above but the cell cover 1s common to a plurality of the
frames and encloses the plurality of the frames within the
stack. For example, all of the frames may be included within
a common cover.

While exemplary embodiments are described above, 1t 1s
not intended that these embodiments describe all possible
forms of the disclosure. Rather, the words used i1n the
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specification are words of description rather than limitation,
and 1t 1s understood that various changes may be made
without departing from the spirit and scope of the disclosure.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments of the
disclosure.

What 1s claimed 1s:

1. A Iithium 1on pouch battery cell comprising:

a rigid frame forming a skeleton of the cell and defiming
an aperture being devoid of a rigid structure;

an anode, a separator, and a cathode disposed within the
aperture, the anode and cathode each including a cur-
rent collector with an exposed tab portion;

a pair ol terminals hermetically sealed into the frame,
cach having an exterior portion extending beyond the
frame periphery and an interior portion bonded to one
of the current collectors; and

a cell cover arranged to envelop the entire frame, the
anode, the separator, the cathode and holding electro-
lyte disposed within the cell, the cell cover being more
flexible than the frame.

2. The battery cell of claim 1, wherein the cell cover

comprises a tlexible flat polymeric sheet.

3. The battery cell of claim 2, wherein the cell cover 1s
arranged around the frame 1n a tight manner.

4. The battery cell of claam 1, wherein the pair of
terminals 1s molded within the frame.

5. The battery cell of claim 1, wherein the frame com-
prises a cooling channel running within at least one side of
the frame.

6. The battery cell of claim 1, wherein the frame com-
prises a bifurcated cooling channel.

7. The battery cell of claim 1, further comprising an
interlocking feature, an alignment feature, an electronic
communication device, or a combination thereof.

8. The battery cell of claam 7, wherein the electronic
communication device comprises a temperature sensor, a
strain sensor, a threshold value detector, a voltage or current
detector, a sensor providing a signal to a conditioning
device, or a combination thereof.

9. A lithtum 10n pouch battery cell comprising:

a rigid frame including a cooling channel arranged along,
periphery of the frame, the frame forming a skeleton of
the cell and defining an aperture being free from a ngid
structure;

an anode, a separator, and a cathode arranged within the
aperture, the anode and cathode each including a cur-
rent collector; and
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a pair of terminals, integrated into the frame, each having
an exterior portion and an interior portion bonded to
one of the current collectors; and

a cell cover arranged around the entire frame, the anode,
the separator, the cathode and holding electrolyte dis-
posed within the cell, the cell cover being more flexible
than the frame.

10. The battery cell of claim 9, wheremn the cooling
channel 1s enclosed within the frame.

11. The battery cell of claam 9, wherein the cooling
channel 1s bifurcated.

12. The battery cell of claim 9, wherein the cooling
channel comprises two branches, each branch being routed
on a different side of the terminals.

13. The battery cell of claim 9, wherein the cooling
channel runs along one side of the terminals.

14. The battery cell of claim 9, wherein the cooling
channel runs through three sides of the frame.

15. The battery cell of claim 9, further comprising a
dual-purpose sealable aperture, an interlocking feature, an
alignment feature, an electronic communication device, or a
combination thereof.

16. A lithium 10n pouch battery cell comprising:

a rigid frame forming a skeleton of the cell and defining
an aperture;

an anode, a separator, and a cathode disposed within the
aperture; and

a pair of terminals, mtegrated into the frame, the frame
including an mward electrically non-conductive por-
tion surrounding the aperture and an outward thermally
conductive portion surrounding the imward portion
such that the terminals are free from contact with the
outward portion, and

a cell cover arranged to envelop the entire frame, the
anode, the separator, the cathode and holding electro-
lyte disposed within the cell, the cell cover being more
flexible than the frame.

17. The battery cell of claim 16, wherein the rigid frame
comprises a cooling channel running within at least one side
of the frame.

18. The battery cell of claim 16, wherein the aperture 1s
devoid of a nigid structure.

19. The battery cell of claim 16, wherein the electrically
non-conductive portion 1s made from plastic.
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